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RAPID SEQUENTIAL CORNEAL TOPOGRAPHY EVALUATION OF 
SELECTIVE SUTURE REMOVAL IN THE MANAGEMENT OF POST-
KERATOPLASTY ASTIGMATISM 
CHRISTOPHER HYUN-BAE CHOI 
ABSTRACT 
 Penetrating keratoplasty is a full-thickness corneal transplant procedure with a 
relatively long post-operative visual rehabilitation period.  Post-operative corneal 
astigmatism often causes refractive error resulting in suboptimal vision, despite a clear 
graft.  In order to reduce this issue, surgeons selectively remove sutures from the 
transplanted cornea to manipulate and control the levels of post-operative astigmatism 
present.  In order to identify tight sutures causing astigmatism, corneal topography 
instruments have been developed which use reflected light patterns to reconstruct 
topographical images of the corneal surface and provide measurements of corneal 
steepness and astigmatism.  Currently, standard conventions limit suture removal to one to 
two sutures per visit at an interval between four and six weeks.  This experiment sought to 
determine the feasibility of multiple suture removal following corneal transplant by 
evaluating the change in astigmatism occurring immediately after suture removal in corneal 
transplant patients and comparing the change to any occurring one month later.  Four 
separate samples were obtained and analyzed to determine if topography-based decision 
immediately post-suture removal matched suture removal decision one month later.  
Topography-guided decisions immediately following suture removal incorrectly identified 
the appropriate subsequent suture in all samples.  Data was analyzed using Fisher’s exact 
		 vi 
test to determine statistical probability of results, and there was a statistically significant 
difference between topography-based decision immediately after suture removal and 
standard topography-based decision at one month.  This demonstrated that the period of 
time immediately following suture removal was not reliable in determining the correct 
subsequent suture to be removed.  Limitations of this study included a small patient sample 
size, potential graft-host junction override in samples, and the weight of subjective 
determination by the surgeon.  While penetrating keratoplasty has been found to be an 
effective treatment for patients, further research is warranted to investigate the timeline 
behind corneal astigmatic stability following surgery and to identify opportunities to 
shorten long rehabilitation periods. 
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INTRODUCTION 
 
The cornea 
The cornea is the central transparent portion of the eye’s outermost layer and has a 
critical role in visual function.  Traditionally, the cornea has been described as five separate 
sublayers (from outermost to innermost): epithelium, Bowman’s membrane, corneal 
stroma, Descemet’s membrane, and endothelium.  However, recent research has 
discovered the presence of a pre-Descemet’s posterior stromal layer, termed “Dua’s layer” 
that exists between the corneal stroma and Descemet’s membrane1.  When combined with 
the tear-film, the cornea accounts for approximately two-thirds of the eye’s refractive 
power, with the lens contributing the other one-third.  Thus, the shape and curvature of the 
cornea are vital in determining the focus of light and the resulting quality of vision in an 
individual. 
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Figure 1.  Layers of the cornea2. 
The epithelium is the outermost layer of the cornea, followed by Bowman’s layer, corneal 
stroma, Dua’s layer, Descemet’s membrane, and endothelium as the innermost layer. 
 
History of corneal transplantation 
Corneal transplantation is the most common type of transplant surgery with 32,000 
grafts performed annually in the United States3.  Transplant procedures can involve partial 
to full-thickness replacement of corneal tissue. 
The first corneal transplant was achieved on December 7, 1905 by Czech 
ophthalmologist Eduard Zirm4.  During these beginning stages of corneal transplantation, 
enucleated eyes remained the primary source of donor eye tissue, and a lack of availability 
of corneal tissue for transplantation limited the number of transplantations until donor 
tissue banks began to develop in the 1940s4.  Richard Townley Paton founded the first eye 
bank, the Eye Bank for Sight Restoration, in New York in 1944.  Corneal transplantation 
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continued to progress over the next several decades, advancing in the 1940s with the 
availability of antibiotics.  Contributions to the keratoplasty techniques continued to be 
made from ophthalmologists across the world, including a notable discovery made in 1953 
when Frederick Stocker explained the structure and function of corneal endothelium.  
During the time period through the 1950s, use of immunosuppressive agents such as 
steroids began to develop, as the focus turned to the antigenicity of corneal tissue and 
addressing corneal allograft rejections, which was and continues to be, an obstacle facing 
surgeons following graft transplantation4. 
Several factors play a role in the increasing success rates of corneal transplantation.  
Early on, the indications for corneal transplantation were often acute inflammatory and 
infectious conditions, many of which were improved following advancements in 
antibiotics, antivirals, and corticosteroids.  Corneal transplantation has now shifted to 
chronic non-inflammatory conditions, such as iatrogenic bullous keratopathy following 
cataract surgery, keratoconus, and corneal dystrophies.  Secondly, technological 
developments with both instrumentation and surgical techniques have improved 
keratoplasty results.  Several of these important advances include the invention of the 
surgical microscope, improved methods of trephination, atraumatic needles and sutures, 
and techniques to improve lamellar keratoplasty4. 
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Penetrating keratoplasty 
Penetrating keratoplasty (PK) is a full-thickness corneal transplant procedure 
involving a replacement of entire cornea from epithelium to endothelium by donor tissue5.  
Generally considered a well-established procedure, PK nonetheless carries risk of 
traumatic wound dehiscence and endothelial graft rejection as a result of compromised 
structural and immunological integrity of the eye during surgery6.  Many surgeons utilize 
long-term prophylactic oral acyclovir to reduce risk of viral herpetic keratitis following 
graft transplant as well as long-term immunosuppression with topical steroids4. 
PKs today are performed for a variety of visually significant problems.  Indications 
for PK surgery include regrafting, keratoconus, Fuchs’ endothelial dystrophy, 
pseudophakic bullous keratopathy, and viral keratitis.  Endothelial failure accounts for the 
most common cause for graft failure among regraft patients7. 
While survival and complication rates of PK are known, success of the procedure 
is measured by clarity of cornea and more importantly, by the level of full functional vision 
eventually reached, often a complex process.  Post-operative astigmatism of the graft 
commonly occurs, which may cause substantial post-operative refractive error leading to 
suboptimal vision, despite a clear graft5.  This astigmatism often occurs as a result of 
severity of underlying disorder, shape or size disparity between donor graft and host 
surface, tension caused by suturing of donor graft to recipient cornea, and the natural 
healing process following surgery6,8.  Approximately 15-20% of patients may develop 5 or 
more diopters of astigmatism following PK9. 
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Figure 2. Penetrating keratoplasty (PK) 10. 
On the left, the full-thickness resection of host cornea is replaced by full-thickness graft of 
donor cornea.  On the bottom-right, radially-placed sutures hold the graft in place on host 
cornea. 
 
Lamellar keratoplasty 
While full-thickness penetrating keratoplasty remains a treatment option for many 
corneal diseases, alternative techniques have emerged that have advanced the forefront of 
corneal transplant surgery.  Lamellar keratoplasty is a partial thickness graft surgery that 
targets only the diseased or damaged corneal layers, leaving the endothelium intact. 
Lamellar keratoplasty can be divided into two general categories, replacement of 
epithelium and stroma (anterior lamellar keratoplasty) or replacement of Descemet’s 
membrane (posterior lamellar keratoplasty or endothelial keratoplasty).  Many of these 
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techniques have replaced full-thickness corneal transplant surgery due to advantages over 
traditional PK.  For example, deep anterior lamellar keratoplasty (DALK) avoids the risk 
of graft failure due to endothelial rejection, as the donor tissue is devoid of Descemet’s 
membrane and endothelium.  Benefits of endothelial keratoplasty (EK) include 
maintenance of the structural integrity of the eye, near elimination of induced astigmatism, 
and reduced risk of graft rejectioni11. 
 
Figure 3. Anterior lamellar keratoplasty12. 
On the left, donated corneal tissue lacks both Descemet’s membrane and endothelium, 
avoiding the risk of graft failure as a result of endothelial rejection.  On the right, sutures 
hold the transplanted graft in place.11 
		
	
7 
 
Figure 4. Endothelial keratoplasty13. 
On left, the donor tissue replaces Descemet’s membrane and endothelium only.  A small 
incision leads to minimal use of sutures, if at all, and eliminates graft-host junction 
weakness11. 
 
Figure 5. Descemet stripping automated endothelial keratoplasty (DSAEK) 14. 
On left, the donor tissue replaces Descemet’s membrane and endothelium and is supported 
by an air bubble in the anterior chamber to support graft adherence11. 
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Corneal topography 
Corneal topography is a non-invasive method for measuring and mapping the 
surface of the cornea.  After focusing beams of light on the anterior surface of the eye and 
using a camera to capture the reflected light, corneal topographers utilize algorithms to 
reconstruct the corneal surface based on the reflected light patterns.  Several methods have 
been developed to measure this anterior surface curvature.  Placido disk-based topography, 
also known as reflection topography, utilizes the reflection of a series of concentric rings 
projected onto the corneal surface to measure corneal power.  Scheimpflug tomography 
measures corneal power from cross-sectional scans of a rotating camera15,16.  These 
generated topographical maps provide several measurements to evaluate corneal steepness 
and astigmatism and are employed for use as a diagnostic tool for many ophthalmological 
diseases. 
 
Management of astigmatism 
In patients who have undergone PK procedures, the corneal topography of the eye 
is mostly determined by the suture tension and location of the stitches placed along the 
corneal graft17.  However, additional factors including the properties of recipient cornea 
tissue, the trephination of donor eye and recipient bed, the surgical and suturing technique, 
and postoperative healing management also play a role in the unpredictable and variable 
level of astigmatism following PK8. Additionally, this level of astigmatism post-
keratoplasty is not correlated with astigmatism in the donor graft18. 
Surgeons have adopted methods to reduce post-operative astigmatism, including 
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optimizing suture technique and suture removal8.  By adjusting or removing sutures along 
the steep meridian of astigmatism, a surgeon can manipulate and control the level of 
astigmatism present in the post-keratoplasty eye9.  Post-operative suture adjustment has 
been recognized to have a significant impact on immediate astigmatism correction post-
keratoplasty with lasting effects even up to 3 years following adjustment8.  Previous 
literature has shown that unadjusted corneas suffer worse visual and keratometry outcomes 
than suture-adjusted corneas, demonstrating the importance of suture adjustment and 
removal in decreasing astigmatism, increasing refractive stability, and permitting more 
rapid visual rehabilitation8.  In this regard, accurately identifying tight sutures becomes 
critical in leading to successful visual rehabilitation. 
There is wide discussion around the most effective suturing techniques, and 
advocates exist for all techniques (interrupted, continuous, mixed, and double continuous).  
However, there is currently no one universally-accepted suture technique, as few studies 
have been done comparing the results of different techniques after all sutures have been 
removed4. 
With interrupted and mixed suturing techniques, selected sutures are later removed 
to reduce and manage post-operative astigmatism4,9.  The selective suture removal process 
can begin as early as two months following surgery6.  The post-operative recovery period 
following PK generally lasts approximately a year after transplantation, and general 
corneal surface stability occurs by about three to four months following complete suture 
removal9.  In some cases, however, post-operative recovery time can be longer and 
achieving best-corrected visual acuity can sometimes take years19. 
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Specific aims and objectives of study 
The goal of this study was to evaluate the change in astigmatism occurring 
immediately after suture removal in corneal transplant patients and to compare the results 
to changes, if any, occurring one month later.  If no difference was found, this would 
demonstrate that changes to the corneal surface following suture removal were relatively 
instantaneous and that the difference between the first (immediate) and second (delayed 
one month) topography scans was negligible, both statistically and clinically. 
Current conventions limit suture removal to one to two sutures per visit with sutures 
removed at an interval generally between four and six weeks, in order to limit the risk of 
graft dehiscence6,20.  This study aimed to determine the potential feasibility of removing 
multiple sutures at each follow-up visit by observing the immediacy of astigmatism 
changes following individual suture removal.  Because these results form the basis of the 
clinical decision for which subsequent suture to remove, if differences are negligible, this 
study would offer support to the feasibility of removing multiple sutures per visit rather 
than the current conventions of one to two sutures per visit. 
The potential removal of multiple sutures per visit would allow for fewer follow-
up appointments and faster post-operative recovery period for future corneal transplant 
patients while maintaining the clarity of functional vision sought following a PK procedure. 
 
Study site 
Experimental research was conducted at Boston Eye Group, an academic private-
practice clinic located in Brookline, MA, where several cornea and refractive surgery 
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specialists were consulted for their expertise.  Corneal topography data were obtained at 
the clinic site using a Galilei G4 Dual Scheimpflug Analyzer by Ziemer Ophthalmic 
Systems.  
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METHODS 
 
The patient population sampled were specifically chosen based upon inclusion and 
exclusion criteria with the intent to reduce unnecessary additional confounding factors in 
this study. 
• Inclusion criteria include: 
o Corneal transplant recipients who have undergone penetrating keratoplasty 
(PK) at the Boston Eye Group 
o PK patients that necessitate post-operative suture removal due to the 
presence of high corneal astigmatism (>3 diopters) 
o Regular astigmatism with readable corneal topographic map 
o Patients with post-operative follow-up data that is available for at least 6 
months 
• Exclusion criteria include: 
o Patients who have undergone any corneal procedure other than PK 
(including DALK, LASEK, LASIK, PRK, RK, corneal crosslinking) 
o Patients who schedule their follow-up appointments at locations other than 
included study sites 
o Patients with failed (or rejected) corneal transplants 
o Patients with no sutures present in the steep meridian 
o Patients with poor-quality topography imaging 
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At the beginning of each patient visit, an initial work-up was performed on each patient, 
which included the following: 
• Chief complaint 
• Allergies to medications 
• Medications list 
• Social, family, medical, and ocular history 
• Visual acuity 
• Intraocular pressure 
• Manifest refraction 
Following initial work-up, a corneal topography image was taken by a Galilei G4 
Dual Scheimpflug Analyzer by Ziemer Ophthalmic Systems.  The patient was evaluated 
by the physician, who performed corneal topography-guided selective suture removal (1-2 
sutures) as necessary from the transplanted cornea. 
Immediately after suture removal, a corneal topography scan was repeated, with all 
images stored securely and confidentially in iViews, a database comprised of patients’ test 
results.  A single surgeon was tasked with assessing the resultant steep axis following 
suture removal and determined the subsequent suture to be removed based on observed 
topographic pattern of anterior axial curvature and physical examination.  However, this 
subsequent suture was not removed during this same-day visit. 
At a following appointment one month later, the patient underwent the full initial 
work-up as above.  Another corneal topography image was obtained, and a decision was 
made regarding which suture was to be removed.  The same surgeon from the prior visit 
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was masked from the topography obtained during the previous visit as well as the 
corresponding planned suture removal.  The surgeon’s decision, as well as results from the 
corneal topography, was compared to the decision made immediately post-suture removal 
during the previous visit. 
 
Analysis of Study Results 
Because the decision to remove a specific suture was independent of other 
decisions, each separate suture represented a single sample19. 
As the current practice for suture removal is regarded as the standard protocol, 
topography-guided decisions immediately following suture removal were compared to the 
standard clinical decisions made under a normal timeline, which were assumed to be the 
correct clinical decisions with regards to later statistical analysis.  Following data 
collection, statistical analysis included the use of chi-squared goodness-of-fit test to 
compare observed values with expected values, comparing the closeness of predictive 
value between experimental treatment protocol with current standard treatment protocol.  
Statistical analysis was performed using Microsoft Excel. 
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RESULTS 
 
The following corneal topography scans were used to determine subsequent suture 
to remove.  The Anterior Axial Curvature map (top-left of four images) was the primary 
map examined, where higher values, measured in diopters, indicated steeper regions of 
corneal curvature.  This map, along with measured values of SimK (on the right of four 
images) identify qualities, including the steepest axis of astigmatism, that help to determine 
which suture, if any, to remove next19.  The Anterior Elevation map (top-right of four 
images) calculates areas of relative elevation or depression, and the Corneal Pachymetry 
map (bottom-left of four images) measures the thickness of regions of the cornea21,22.  
These maps are also viewed in conjunction with the Anterior Axial Curvature map to 
identify subsequent clinical decisions. 
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Figure 6. Sample A, post-suture removal topography. 
Examination of Sample A topography immediately following suture removal led to prediction of stitch at 0° as subsequent suture 
to remove. 
		
	
17 
 
Figure 7. Sample A, one month topography. 
Examination of Sample A topography at one month led to removal of stitch at 330°.
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Figure 8. Sample B, post-suture removal topography. 
Examination of Sample B topography immediately following suture removal led to prediction of stitch at 345° as subsequent 
suture to remove. 
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Figure 9. Sample B, one month topography. 
Examination of Sample B topography at one month led to removal of stitches at 180°. 
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Figure 10. Sample C, post-suture removal topography. 
Examination of Sample C topography immediately following suture removal led to prediction of stitch at 150° as subsequent 
suture to remove. 
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Figure 11. Sample C, one month topography. 
Examination of Sample C topography at one month led to no removal of stitches. 
		
	
22 
 
Figure 12. Sample D, post-suture removal topography. 
Examination of Sample D topography immediately following suture removal led to prediction of stitches at 90° and 270° as 
subsequent sutures to remove. 
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Figure 13. Sample D, one month topography. 
Examination of Sample D topography at one month led to removal of stitches at 180° and 330°. 
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Table 1. Post-suture removal topography-guided decision versus actual decision. 
Sample Topography-based decision immediately 
following suture removal on what stitch to 
remove next (in degrees) 
Actual stitch removed 
one month later (in 
degrees) 
Sample A 0 330 
Sample B 345 180 
Sample C 150 No stitch removed 
Sample D 90, 270 180, 330 
 
Table 2. Did topography-based decision immediately post-suture removal match 
suture removal decision one month later? 
 Correct Incorrect 
Topography-based decision immediately following suture 
removal 
0/4 4/4 
Standard topography-based decision at one month 4/4 0/4 
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Due to sample size requirements of expected values > 5 in any individual cell, this 
experiment could not use a chi-squared goodness-of-fit test to analyze sample data.  Data 
was analyzed using Fisher’s exact test, which allows for calculation of statistical 
probability even with an expected value < 5 in any individual cell. 
With regards to clinical decision-making, the current practice of determining which 
suture to remove is based on topography and physical examination approximately 1 month 
following previous suture removal.  Under the assumption that the current standard 
decision protocol was always correct (i.e. the actual stitch removed was the correct 
decision) expected values for standard topography-based decisions at one month and “No” 
were set as 0 for purposes of statistical analysis. 
 
Hypothesis testing and test statistic 
Null hypothesis, H0: There is no difference between topography-based decision 
immediately after suture removal and standard topography-based decision at one month. 
Alternative hypothesis, Ha: H0 is false. 
Reject H0 if p < 0.05 (at α = 0.05)  
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Table 3. Values for calculation of Fisher’s exact test. 
 Yes No  
Topography-based decision immediately 
following suture removal 
a = 0 b = 4 a+b = 4 
Standard topography-based decision at 1 
month 
c = 4 d = 0 c+d = 4 
 a+c = 4 b+d = 4 a+b+c+d = n = 8 
 
Fisher’s exact test: 
! = ($ + &)! () + *)! ($ + ))! (& + *)!$! &! )! *! +! = (0 + 4)! (4 + 0)! (0 + 4)! (4 + 0)!0! 4! 0! 4! 8! = 0.0143 
Two-sided p (by summation): ! = 2 ∗ 0.01428 = 0.0286 
Conclusion: Reject null hypothesis because p = 0.0286 < 0.05.  There was a statistically 
significant difference between topography-based decision immediately after suture 
removal and standard topography-based decision at 1 month. 
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DISCUSSION 
  
The primary research problem this study sought to address was to determine the 
feasibility of multiple suture removal following corneal transplant.  In order to make this 
determination, the change in astigmatism occurring immediately after removal of a suture 
was examined and compared to any changes occurring weeks later, at a typical one month 
follow-up visit.  Because current standard practice limits suture removal to one to two 
sutures per visit, this study focused on the potential feasibility of multiple suture removal 
by observing how immediately changes in corneal astigmatism actually occurred. 
 
Meaning of results 
As the basis for clinical decision-making regarding subsequent removal of stitches, 
the astigmatic changes, if consistent both immediately and after one month, would render 
potential multiple suture removal feasible.  Negligible differences would suggest that any 
astigmatic changes occur relatively quickly following removal of a suture, potentially 
allowing us to shorten the duration of time before subsequent suture removal.  Clinically, 
this could allow for fewer follow-up appointments and shorter post-operative recovery 
period for future corneal transplant patients. 
As a whole, the data demonstrate that the timing behind decision-making of 
subsequent suture removal impacts the correct clinical decision for subsequent suture 
removal in corneal transplantation patients.  This experiment suggests that the changes in 
astigmatism following removal of a suture are not readily evident immediately following 
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suture removal, lending credence to the standard practice of waiting one month before re-
evaluation of corneal astigmatism and subsequent removal of stitches. 
 
Limitations of the study 
Several factors, however, pose limitations on this study.  The process of data 
collection inherently proved difficult, as the sample population was drawn from a relatively 
small patient pool sharing a fairly uncommon diagnosis and treatment plan.  Several 
lamellar techniques including DMEK, DSEK, and DSAEK have widely replaced PK due 
to advantages including reduced risk for graft rejection, less induced astigmatism, and 
expedited visual recovery23. 
The small patient sample size of the study renders the results and subsequent 
analysis difficult to trust without expanding the experiment over a greater period of time 
to gather further data.  While each stitch is deemed an independent sample, there still exists 
a potential for skewed results because some of the stitches derived from the same patient 
eye.  Although experts in the field of ophthalmology claim that this has little impact, as 
each suture removal can be treated independently, this fact still introduces potential bias to 
the results19.  Specifically, the cornea from which Samples 3-7 were drawn from may have 
had graft-host junction override causing distortion of the topography20.  This potentially 
could have impacted the suture removal decision due to sub-optimal uniformity of graft-
host surface interface affecting astigmatism levels. 
Additionally, the long duration between patient follow-up visits, typically one 
month, also lengthened the timeline required to collect data.  This difficulty in obtaining 
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patient data was also exacerbated by the exclusion of potential patient data from the study 
due to a variety of reasons including transfer of patient care to other physicians for post-
operative examinations, missed follow-up appointments, and corneal transplant rejections.  
On a few occasions, human error also played a role, as some topographical scans were not 
taken per necessary research protocol before the patient left the clinic following suture 
removal.  On one occasion, data could not be collected due to technical failure and 
malfunctioning of equipment. 
This experiment also introduced the question of how much weight subjective 
determination by the surgeon plays in the decision process.  The question arose of how 
much of the clinical decision derives from measurements of anterior corneal curvature from 
the corneal topography and how much of the clinical decision derives from physical 
examination of suture tension.  In the case of Sample C, the topography-guided decision 
immediately following suture removal led the surgeon to determine that the next stitch to 
be removed would be at 150 degrees, but one month later, no sutures were removed at all.  
Thus, one of the faults of this study includes neglecting to determine the weight of physical 
examination in the decision-making process.  An additional step in the experiment could 
have included physical examination in conjunction with topography immediately 
following suture removal to determine the subsequent suture to be removed.  In this way, 
the experiment could have accounted for any impact physical examination of suture tension 
could have had on the predicted subsequent suture. 
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Suggestions for further research  
While penetrating keratoplasty has been found to be both efficacious and safe 
treatment over long-term periods, as measured at 5-year and 10-year intervals, extremely 
long visual rehabilitation time following the procedure continues to be a burden on 
patients8,24.  In order to accomplish the original goals of this study (i.e. to shorten recovery 
times following corneal transplantation), further research should investigate the exact 
timeline behind corneal astigmatic stability following suture removal.  By ascertaining the 
exact length of time necessary for corneal astigmatism to stabilize, this experiment could 
again be repeated over the course of the determined length of time.  Additionally, a 
comprehensive study analyzing the differences in corneal astigmatism across a variety of 
various suturing techniques may reveal and present potential opportunities to shorten visual 
rehabilitation periods. 
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